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Gastrointestinal phenotype in cervical adenocarcinomas was examined by immunohistochemistry and correlated with morphologic features. Antibody panels included anti-MUC2, MUC6, CD10, chromogranin A (CGA) and HIK1083. In addition, expression of p16 INK4 , a cyclin-dependent kinase inhibitor which is expressed in a variety of high-risk HPV-related conditions, was studied. A total of 94 invasive adenocarcinomas including 20 minimal deviation adenocarcinomas (MDAs) and 72 adenocarcinomas in situ (AIS) were examined. MDAs were most frequently positive for HIK1083 and/or MUC6, two representative gastric markers, with a rate of 95%, followed by intestinal-type adenocarcinomas (IAs) with a rate of 85% whereas only 27% of 56 usual endocervical-type adenocarcinomas (UEAs) were positive. MUC2, a goblet cell marker, was positive in 85% and 25% of IAs and MDAs, respectively, while in only 14% of UEAs. CD10 was positive in 15% of IAs, indicating incomplete intestinal differentiation without a brush border in most of the cases. CGA-positive cells were frequently seen in MDAs and IAs with rates of 60% and 62%, respectively. Nuclear and cytoplasmic p16 INK4 positivity was identified in 93% of UEAs, whereas 30% of MDAs were positive for p16 INK4 . Results in AISs were comparable to their invasive counterparts, but morphologically usual-type AISs identified in eight cases of MDA were frequently positive for HIK1083 (75%) and MUC6 (63%), and p16
INK4
. Of note was the existence of lobular endocervical glandular hyperplasia (LEGH) with atypical features including cytologic abnormalities, and/or papillary projection, which were identified in this study in pure form (n ¼ 3) or in association with MDAs (n ¼ 6), but not in cases of other types of adenocarcinomas. These observations indicate that gastrointestinal phenotype is frequently expressed in MDAs and IAs, and there seems to be a possible link between MDA, and LEGH and morphologically usual-type AIS with gastric immunophenotype in histogenesis. Frequent absence of p16 INK4 expression in MDAs suggests a possibility that high-risk HPV does not play a crucial role in development of MDAs, in contrast to the majority of endocervical adenocarcinomas. p16 INK4 immunohisto-chemistry appears to be a promising diagnostic tool, but pathologists should be aware of frequent negative staining in MDAs, which can be a source of erroneous diagnosis. Minimal deviation adenocarcinoma (MDA), also known as adenoma malignum, 1 is a form of highly differentiated endocervical adenocarcinoma. In 1997, it was shown to have a gastric phenotype by mucin histochemistry and immunohistochemistry using HIK1083, an antibody recognizing pyloric gland mucin of the stomach. 2, 3 This antibody has since then been regarded as a promising diagnostic tool for MDAs. 4, 5 However, its usefulness has been in dispute and Mikami et al 6, 7 have demonstrated HIK1083 reactivity in pyloric gland metaplasia (PGM) of the cervix, which was described as lobular endocervical glandular hyperplasia (LEGH) by Nucci et al. 8, 9 These facts have provoked controversy concerning a possible link between LEGH/ PGM and MDA, and whether gastric phenotype is specific for these two conditions. In the current study, we have examined cervical adenocarcinomas including MDAs, adenocarcinoma in situ (AIS), and LEGH/PGM as well as a variety of benign glandular lesions to determine the incidence of gastric phenotypes and to shed light on the issue of histogenesis of MDA, employing antibodies to apomucins encoded by the MUC gene family, CD10 and chromogranin A (CGA), and HIK1083 and anti-p16 INK4 , the last for showing any relationship to high-risk HPV.
In the gastrointestinal tract, MUC2 and MUC6 are expressed by goblet cells 10 and the pyloric glands of the stomach, 11, 12 respectively. CD10 is expressed in a variety of tissues and tumors, but in the intestinal mucosa it delineates the brush border of the surface epithelium of the small intestinal mucosa. 13 Therefore, HIK1083 and MUC6 can be used as gastric markers, and CD10 and MUC2 as intestinal markers. Although MUC5AC is expressed by superficial and foveolar epithelium of the stomach, 12 this marker was shown to be positive in normal endocervical epithelium, 14 and thus cannot be used as gastric marker at this particular anatomic site. CGA-positive cells, which are ubiquitous in the gastrointestinal mucosa but typically absent in the normal endocervical glands, are expected to be frequently seen in adenocarcinomas with gastrointestinal phenotype. In fact, some reports described CGA-positive cells in intestinal-type adenocarcinomas of the cervix. 15, 16 Recent studies have demonstrated that p16 INK4 immunohistochemistry is of diagnostic value for high-risk human papillomavirus (HPV)-related conditions including squamous intraepithelial lesions (SIL). 17 This protein is overexpressed as a consequence of incorporation of E7 derived from high-risk HPV, and it has been shown to be positive in invasive and in situ adenocarcinomas of the cervix, most of which are also considered to be HPV related. 18, 19 The frequent location of LEGH/PGM, a putative precursor of MDA, in the portion of internal os away from the transformation zone, 6 prompted the authors to assume that a subset of cervical adenocarcinomas with gastric phenotype may have tumorigenesis distinct from high-risk HPV-related ordinary cervical adenocarcinomas.
Materials and methods
Invasive cervical adenocarcinomas, as well as AISs and a variety of benign glandular lesions, were retrieved from the files of Tohoku University Hospital, Kawasaki Medical School Hospital, and Jikei University School of Medicine, and the consultation files of one of the authors (YM). The glass slides of 150 cases were reviewed; there were 56 usual endocervical-type adenocarcinomas (UEAs), 13 intestinal-type mucinous adenocarcinomas (IAs) including six pure and seven mixed forms, 20 MDAs including 13 pure and seven mixed forms, three endometrioid adenocarcinomas (EAs), four adenosquamous carcinomas, one serous adenocarcinoma, one clear cell adenocarcinoma, and two undifferentiated carcinomas. The UEAs, frequently mucinpoor 20 but mostly corresponding to mucinous adenocarcinoma of endocervical type in the current World Health Organization (WHO) classification (1994), 1 was defined as adenocarcinoma without morphologic evidence of specific differentiation, and those with goblet cells were regarded as IA. Regarding EAs, we employed the strict criteria as Young suggested 20 to regard tumors superficially resembling endometrioid carcinoma of the corpus but having a paucity of intracytoplasmic mucin as UEA, and included only non-mucinous tumors composed of tubular glands with occasional ciliated cells as EAs. When the IAs contained minor components of UEA occupying more than 10%, the tumor was assigned ''mixed type IA''. Following the WHO classification, 1 MDA was defined as a highly differentiated mucinous adenocarcinoma with well-formed glands resembling benign glands, but showing distinct nuclear anaplasia or evidence of stromal invasion as represented by desmoplastic reaction at least in limited areas. Tumors showing features of MDA but having occasional marked architectural complexity and/or solid components were designated as mixed-type MDA, that is, mucinous adenocarcinoma with features of MDA. MDA with features of IA or EA was not identified. A total of 55 AISs related to invasive adenocarcinoma and 17 pure AISs were also included in the study. AIS was defined as glandular lesions characterized by atypical columnar cells with anaplastic nuclei and occasional mitotic figures, lining pre-existing endocervical glands without crowding, irregular distribution, and architectural complexity, and any evidence of stromal invasion. The classification of AISs followed that for invasive adenocarcinomas, and usual, intestinal, and endometrioid type were identified.
For comparison, normal endocervical glands and a variety of benign glandular conditions identified in 101 cases, such as nabothian cysts (15 foci), tunnel clusters (12 foci), microglandular hyperplasias (six foci), tubal metaplasias (eight foci), endocervical glandular hyperplasias, not otherwise specified (EGH) (20 foci), and LEGH/PGM were also examined. LEGH/PGM, which was defined as proliferation of small glands arranged in a lobular fashion surrounding dilated endocervical glands, 6, 8 were identified in one patient with IA, 10 with MDA, and nine who underwent hysterectomy for benign diseases. In the process of the review, nine cases of LEGH/PGMs with atypical features, including nuclear atypia, loss of polarity, mitotic figures, and papillary architecture in a variety of combinations, were identified in pure form or in association with MDA, and were also examined.
All hematoxylin and eosin (H&E)-stained slides were reviewed for confirmation of the diagnoses by two of authors (YM, TK), and representative blocks were selected for immunohistochemical study. The antibodies, vendor sources, working dilutions, and pretreatment for antigen-retrieval are listed in Table  1 . Sections (4 mm thick) were cut from paraffin blocks of formalin-fixed tissues, and were deparaffinized in xylene and rehydrated in graded alcohols. Immunohistochemical studies were performed using Simle stain s (Nichirei Co., Tokyo, Japan), an indirect conjugated method kit, for mucin staining, and Histofine s (Nichirei Co.), a labeled streptavidin biotin (LSAB) kit, for the others, using standardized protocols. Primary antibodies were incubated with sections after antigen retrieval for all but HIK1083 using autoclave techniques with 10 mM citrate buffer, pH6.0, at 1211C for 5 min. Slides were stained with 3,3 0 -diaminobenzidine as chromogen. The immunostaining results were evaluated in a semiquantitative fashion. The distribution of positive cells was scored depending on relative amount of positive cells as follows; score 1 (less than 25%), 2 (25% or more and less than 50%), 3 (50% or more and less than 75%), and 4 (75% or more). The intensity was scored as follows; 0(negative), 1 (weakly positive), 2 (intermediate), and 3 (strongly positive). Regardless of the relative amount of positive cells, staining with an intensity score of 1 or more was regarded as a positive result.
Results

Normal Endocervical Glands and Benign Glandular Conditions
HIK1083, MUC2, and MUC6 were positive in 2% (2/ 101), 2% (2/101), and 8% (8/101) of normal endocervical glands, respectively. Positive and negative areas for these markers were indistinguishable morphologically. EGHs, nabothian cysts, tunnel clusters, microglandular hyperplasias, tubal metaplasias were negative for HIK1083, MUC2, MUC6, and p16
INK4 . Only two of 20 EGHs, showed focal and weak luminal staining for CD10, and morphologically normal glands in two cases showed very weak and focal cytoplasmic staining for p16 INK4 . CGApositive cells were not identified in any cases.
LEGH/PGMs were frequently positive for HIK1083 and MUC6 with rates of 95% (19/20) 
Invasive Adenocarcnomas
Results of immunostaining are summarized in Table  2 . HIK1083 was most frequently positive in cases of MDA (Figures 1c and d ) with a rate of 75% (15/20) , followed by IAs with a rate of 23% (3/13). In the mixed type IAs, positive staining was predominantly identified in the portion with intestinal morphology. On the other hand, a minority of UEAs was positive for HIK1083 with a rate of 7% (4/56) (Figures 1h and i) . MUC6, another marker for pyloric gland phenotype, was also frequently positive in (Table 4a ). The mean intensity scores in the same order were 2.9(2-3), 3(3), 2.8(2-3) for HIK1083, 1.8(1-3), 2.3(2-3), 1.8(1-3) for MUC6, and 2.7(1-3), 1.9(1-3), 2.4(1-3) for MUC2 ( Figure  1j) , IAs, and EAs, with rates of 7% (4/56), 15% (2/ 13), and 33% (1/3), respectively. The staining pattern was mostly linear along the luminal side of neoplastic glands, but occasional cytoplasmic staining was also observed in some tumors including IAs.
CGA-positive cells were frequently identified in IAs and MDAs (Figure 1g ) with a rate of 62% (8/13) and 60% (12/20) , respectively. In contrast, only 18% (10/56) of UEAs contained CGA-positive cells. Five of 10 UEAs with CGA-positive cells were positive (Figure 1k ). The vast majority of UEAs and IAs showed nuclear and cytoplasmic staining for p16 INK4 ( Figure  1l ) with rates of 93%(52/56) and 92%(12/13), respectively, and all EAs, serous adenocarcinoma, clear cell adenocarcinoma, adenosquamous carcinomas, and undifferentiated carcinomas were also positive for p16 INK4 . In contrast, only 30%(6/20) of MDAs were positive for this marker. Distribution scores of p16 INK4 immunoreactivity in positive cases ranged from 1 to 4 (mean, 3.0) in MDAs, and 2 to 4 (mean, 3.6) in UEAs; this difference was not statistically significant (Table 4a ). All IAs showed score 4 distributions. Intensity score for p16 INK4 staining ranged from 1 to 3 (mean, 2.7) in UEAs, 1 to 3 (mean, 1.9) in MDAs, and 2 to 3 in IAs (mean, 2.9) (Table 4b ). This difference was also not statistically significant.
Adenocarcinoma In Situ (AIS), MDA-Unrelated
AISs, except those in association with MDA, showed staining patterns comparable with their invasive counterparts ( Gastric phenotype in endocervical adenocarcinomas Y Mikami et al atypical features were identified (Figures 2 and 3) . The atypical features were defined as follows: (1) nuclear enlargement, (2) irregular nuclear contour, (3) distinct nucleoli, (4) coarse chromatin texture, (5) loss of polarity, (6) occasional mitotic figures, (7) apoptotic bodies and/or nuclear debris in the lumen, (8) infolding of epithelium or distinct papillary projection with fine fibrovascular stroma (Figures 2a  and 3 ). In the process of the review, nine examples with at least four of these features were identified, six among 20 MDAs, and three in its pure form without associated invasive adenocarcinomas. Atypical LEGH/PGMs were not identified in cases of UEAs. Of six MDA-associated LEGH/PGMs with atypical features, four were identified in 13 cases of pure MDAs, and two in seven mixed MDAs. In these six cases carcinomatous components were close to or adjacent to foci of LEGH with atypical features. In areas a mixture of both components was seen. Eight of nine atypical LEGH/PGMs were associated with typical LEGH/PGM (Figures 2b), and five were associated with both typical LEGH/PGM and MDA. Cases with MDA in association with AIS of usualtype or atypical LEGH/PGM are summarized in Table 5 . Among 14 such MDA cases, six had typical LEGH/PGMs, of which five were associated with atypical LEGH/PGMs and one with usual-type AIS.
On the other hand, among eight MDAs without typical LEGH/PGM, seven were associated with usual-type AIS and one with atypical LEGH/PGM. The age of the patients with atypical LEGH and usual-type AIS in association with MDA ranged from 40 to 65 years (mean, 50 years) and from 33 to 60 years (mean, 50.7 years), respectively, and the age of those with typical LEGH only ranged from 42 to 72 years (mean 50.8 years). Figure 3 Atypical features in LEGH. Small glands forming lobules without nuclear anaplasia in the portion of typical LEGH (a). Atypical LEGH with some nuclear enlargement and irregularity, and conspicuous nucleoli (b). Papillary growth with fine fibrovascular stroma with relatively bland nuclear morphology but some nuclear irregularity and loss of polarity (c). Occasional distinct nuclear atypia in the papillary area located in the cystically dilated space.
Gastric phenotype in endocervical adenocarcinomas Y Mikami et al
Immunohistochemically, atypical LEGH/PGMs were frequently positive for HIK1083 and MUC6 with rates of 78% (7/9) and 67% (6/9), respectively ( Table 2) . On the other hand, AISs of usual-type related to MDA were also frequently positive for these two markers (Figure 4 ) with rates of 75% (6/8) and 63% (5/8) of cases. Expression of p16 INK4 was less frequently seen in atypical LEGH/PGMs associated with MDA with a rate of 33% (2/6), but was observed in 75% (6/8) of usual-type AISs related to MDA (Figure 4) . Three of eight MDAs with usualtype AIS showed p16 INK4 immunoreactivity, whereas only one of six MDAs with atypical LEGH/PGM was positive. CGA-positive cells were identified in 67% (6/9) of atypical LEGH/PGMs and 50% (4/8) of usual-type AISs related to MDA.
Discussion
The current study has demonstrated that MDA shares gastric immunophenotypes with LEGH/ PGM, that is, positive staining for HIK1083 and MUC6, and harbors CGA-positive cells, and that IA was frequently positive for MUC2, a goblet cell marker. UEA can be positive for gastrointestinal as well as neuroendocrine markers only occasionally in limited areas. The co-expression of intestinal and gastric phenotypes was not uncommon. Interestingly, CD10 immunoreactivity was positive in a minority of IAs, indicating that intestinal differentiation in IAs is incomplete without well-formed brush borders, and the term goblet cell differentiation rather than intestinal differentiation is much more appropriate in the majority of cases. Finally, MDA may arise in association with morphologically usual but phenotypically gastric AIS, or LEGH/PGM with or without atypical features. In addition, MDAs less frequently express p16 INK4 , in contrast to UEAs and IAs. These results provoke discussion on two important issues-the concept of MDA and its histogenesis.
The origin of MDA has been uncertain, but a possible relationship to LEGH/PGM was suggested based on immunohistochemical studies. 2, 6, 7 The current study has shed further light on this issue. A review of 20 cases of MDA demonstrated coexistence of LEGH/PGM with some atypical features or morphologically usual-type AIS. Six MDAs accompanied typical LEGH/PGMs, of which five had atypical LEGH/PGMs, while seven of eight MDAs without LEGH/PGM were associated with morphologically usual-type AISs. In the current study, only 12% of MDA-unrelated usual-type AISs were positive for HIK1083, while 75% of MDA-related usualtype AISs were positive for HIK1083. Therefore, it seems realistic that MDA can be derived from both LEGH/PGM and morphologically usual-type AIS showing gastric phenotype.
LEGH/PGMs with atypical features are considered to share some morphologic features with AISs. Although nuclear morphology was apparently bland, nuclear enlargement, irregular nuclear contour, conspicuous nucleoli, pseudostratification, (8/ 1169) . In these cases, three were in association with florid endocervical glandular hyperplasia, but atypical features as identified in the current study were not observed. In addition, the current series included cases retrieved from the consultation files with a resultant selection bias. Therefore, the incidence of LEGH/PGMs with atypical features in the general population seems very low, and the occurrence of adenocarcinoma in association with LEGH/PGM is considered to be a rare event. At this point, we believe atypical LEGH/PGM would be an appropriate term for describing this particular lesion.
Another striking feature in this study was the less frequent expression of p16 INK4 in cases of MDA. Recent studies have demonstrated that diffuse nuclear and cytoplasmic staining for p16 INK4 was significantly associated with high-risk HPV-related lesions. 17, 18 Our study demonstrated frequent expression of this protein in 93% of UEAs, whereas MDAs less frequently expressed with a rate of 30%. Even when positive, positive cells were decreased and the staining intensity was weaker. IAs were close to UEAs with regard to incidence of p16 INK4 expression. In general, AIS and SIL, now recognized as HPV-related precursors of invasive carcinoma, occur in the transformation zone of the cervix. In contrast, LEGH/PGM frequently involves the portion of internal os away from the transformation zone. The final issues to be discussed are the concept of MDA, and whether ''mucinous adenocarcinoma of gastric-type'' is a distinct entity and acceptable term as a substitute for MDA. Originally MDA was described as an highly differentiated form of endocervical mucinous adenocarcinoma, and thus can be a diagnostic challenge for pathologists. Because of the overemphasis of its benign appearance, a variety of benign endocervical glandular lesions have been confused with MDA, 20 and the criteria have been refined to define MDA as a welldifferentiated adenocarcinoma showing bland morphology, but with recognizable anaplasia at least in some areas. 24 From a practical point of view, the significance of the term MDA appears to emphasize the existence of such a benign-looking tumor which may result in underdiagnosis. In this regard, the term MDA is preferred rather than the commonly used term ''adenoma malignum''. On the other hand, a distinction between MDA and well-differentiated mucinous adenocarcinoma is occasionally arbitrary, and in reality a gray zone exists resulting in interobserver variability in making the diagnosis, although the distinction might not be so crucial in patient management. There may be argument that ''gastric-type adenocarcinoma'' does exist as a distinct entity which corresponds to MDA or nonintestinal type mucinous adenocarcinoma which Young insisted on separating from common mucin-poor endocervical adenocarcinomas. 20 However, there is a continuum in morphology and gastrointestinal immunophenotype which can be shared by typical MDA, mixed form of MDA, and UEAs. Interestingly, Kuragaki et al 25 has demonstrated somatic mutations of STK11, a tumor suppressor gene responsible for the Peutz-Jeghers syndrome, in six of the 11 mucinous MDAs, and speculated that this mutation may play an important role in the development of MDA, but they identified the same mutation in one of 19 mucinous adenocarcinomas other than MDAs, indicating that this genetic abnormality is characteristic but not specific for MDA. The STK11 mutation might well characterize the ''gastric-type adenocarcinoma'' or MDA. In the author's opinion, however, since classification of tumors should be based on light microscopic appearance as evaluated by routine H&E staining, the term ''gastric-type adenocarcinoma'' does not seem to be justified unless further studies demonstrate a clinical significance of this particular phenotypic expression in the tumor. Finally, the fact that tumors morphologically classified as mucinous adenocarcinoma of endocervical-type in the current WHO classification 1 show the gastrointestinal immunophenotype indicates that this is a phenotypically heterogeneous group of neoplasms and that the term adenocarcinoma of nonspecific type or UEAs as we used in the study, rather than mucinous adenocarcinoma of endocervical-type, may be appropriate.
In summary, we have assessed the gastrointestinal phenotype in endocervical adenocarcinomas. UEAs are heterogenous neoplasms including those with gastric and/or intestinal phenotype, some of which show a morphologic spectrum shared by MDA. Some MDA may arise from usual-type AIS but others from LEGH/PGM. Absent or decreased p16 INK4 immunoreactivity in LE:GH/PGM suggests that the former process might be high-risk HPV related, whereas the later unrelated, although further studies are awaited before a final conclusion can be drawn.
